Bisphosphonates (Bps) inhibit the maturation of osteoclasts and suppress the adhesion of cancer cells to the bone matrix. They are recommended as the standard treatment for tumors exhibiting bone metastasis (BM). However, whether Bps can improve the prognosis of patients with tyrosine kinase inhibitor (TKI)-treated non-small cell lung cancer (NSCLC) exhibiting BM remains unclear. A total of 129 patients with NSCLC initially diagnosed with BM at The First Affiliated
Introduction
Lung cancer is a leading cause of morbidity and mortality in China, and it is the most common form of cancer in the country (1) . In 2015, lung cancer affected 733.3 per 100,000 people in China, with an overall mortality rate of 177.8 per 100,000 (1) . Non-small cell lung cancer (NSCLC) accounts for 80-85% percent of lung cancer diagnoses (2) , and the majority of patients with NSCLC remain undiagnosed until the disease had progressed to a late stage (3) . The 5-year survival rate for patients with stage IV lung cancer is <5% (4) . Bone metastasis (BM) is a common complication of these advanced tumors, and it is closely associated with lung cancer-associated mortality (5) . Of the patients with lung cancer, 22-60% develop minor metastases in the bone marrow (6) . Of the patients with NSCLC, 30-40% develop BM and have a median survival time of only ~6 months (7) . Thus, a study regarding the prevention and treatment of BM in patients with NSCLC may significantly improve overall survival (OS) time.
Zoledronate is a third-generation heterocyclic bisphosphonates (Bps) that can effectively treat BM-associated complications, such as pathological fractures, hypercalcemia, spinal cord compression and intractable pain (8) . It is the standard of care treatment for tumors with BM as it can inhibit the maturation of osteoclasts, thereby affecting their activity and biological function (8) . Zoledronate can also induce apoptosis in osteoclasts by firmly adsorbing on to the surface of bone trabecula, preventing bone dissolution and suppressing the adhesion of cancer cells on the bone matrix (9) . Preclinical studies have demonstrated the antitumor activity of Zoledronate, as it can inhibit the proliferation, invasion, metastasis and angiogenesis of NSCLC cells (10, 11) . Notably,
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preclinical studies have also demonstrated that zoledronate can enhance the antitumor effect of gefitinib in patients with epidermal growth factor receptor (EGFR)-mutant NSCLC. In 2015, a retrospective study of 62 patients with NSCLC exhibiting BM demonstrated that significantly prolonged progression-free survival (PFS) time and OS time were achieved in patients treated with a combination of EGFR TKI and Bps in comparison with patients treated with EGFR TKI monotherapy [median (m)PFS: 15.0 vs. 7.3 months; P=0.03 and OS, 25.2 vs. 10.4 months; P=0.0015] (12) . Another retrospective study that included 356 patients with NSCLC exhibiting BM reported that in comparison with EGFR TKI monotherapy, EGFR TKI in combination with Bps demonstrated longer PFS time [11.6 vs. 9.3 months; hazard ratio (HR), 0.68; P=0.009] (13) . However, in comparison with the previously discussed retrospective study, contradictory results of OS time were observed in that no significant difference was observed in OS between the study group and the control group (20.5 vs. 19.5 months; HR, 0.95; P=0.743) (13) .
Therefore, in order to assess whether Bps can prolong the OS time of patients with NSCLC exhibiting BM that were treated with EGFR TKIs, the present study analyzed the prognosis and impact of zoledronate on prognosis in 129 patients with NSCLC exhibiting BM. The present study also investigated the effect of Bps therapy on bone lesion progression in patients with NSCLC treated with EGFR TKIs.
Materials and methods

Patients.
A total of 129 patients with NSCLC who were initially diagnosed with BM at The First Affiliated Hospital of Sun Yat-Sen University (Guangzhou, China) from January 2005 to December 2017 were analyzed in the present retrospective study. The following inclusion criteria were used: i) Pathological or cytological diagnosis of NSCLC; ii) willing and able to complete whole-body evaluation (including CT, ECT, PET-CT, abdominal b-ultrasound and MRI); iii) at least one BM was observed upon the initial diagnosis; and iv) standard treatment and regular systemic assessment. The following exclusion criteria were used: i) Secondary malignancy with BM of unknown origin; ii) participation in other clinical trials involving bisphosphonate analogues; and (iii) no BM observed at the time of initial diagnosis, or BM occurred after standard treatment. The present study was approved by the Ethics Committee of The First Affiliated Hospital of Sun Yat-sen University. A waiver was granted excusing the requirement of written informed consent due to the retrospective nature of the present study.
Baseline clinical pathology data. All information obtained on the patients were acquired from The First Affiliated Hospital of Sun Yat-Sen University hospital by searching the medical records of patients with NSCLC. The present study assessed age, sex, Eastern Cooperative Oncology Group (ECOG) performance status (PS), smoking status, pathological type, genetic mutations, the number of BMs, weight-bearing BMs, skeleton-associated events (SAEs), presence or absence of brain metastases, lactate dehydrogenase (LDH) levels, alkaline phosphatase (ALP) levels, median Bps time, median Bps duration, and treatment. All patients were treated according to NCCN guidelines (14) . All patients received tyrosine kinase inhibitor as the first-line treatment. EGFR TKIs, which include gefitinib, erlotinib, and icotinib, were given to the patients with sensitive EGFR mutations. Anaplastic lymphoma kinase (ALK) TKI, referred to as crizotinib, was given to the patients harboring ALK rearrangements. When the disease progressed, platinum plus 1 third-generation chemotherapy regime was administered as the second-line treatment. Another third-generation chemotherapy regime was prescribed when the disease progressed on the second-line treatment. There is no standard of care beyond third-line treatment. The third-generation chemotherapy drugs include docetacel, gemcitabine, paclitaxel, vinorelbine, and pemetrexed.
Follow up information. Participants underwent whole-body evaluations every 3 months after diagnosis of NSCLC with BM. The present study searched inpatient and outpatient care inspection results in the hospital information system, telephone follow-up treatment and associated sources for information on prognosis. Follow-up time was defined as the time from diagnosis of NSCLC with BM and first treatment to death or April 1, 2018. PFS was defined as the time from the initial treatment to progression of, or death from, the disease. BM-OS time was defined as the time from BM to death. Bone-associated PFS time (BaPFS) was defined as the time from the first treatment to advancement of bone lesions, which was evaluated following radiographic assessment by CT, MRI, X-ray, PET-CT scans, or radionuclide bone scan, and comparison with the baseline bone damage. Advancement of bone lesions included the development of at least one new BM, or at least 25% increase in one bone lesion (15) . All endpoints were assessed according to the Response Evaluation Criteria in Solid Tumor (RECIST 1.1) (16) .
Statistical analysis. SPSS software (version 20.0; SPSS, Inc.) was used for the statistical analysis. The Kaplan-Meier method was used for the survival analysis, and the log-rank test was used to compare different groups. A Cox proportional risk regression model was used to analyze univariate and multivariate variants. Univariate variants with P<0.2 were selected for the multivariate variant analysis. P<0.05 was considered to indicate a statistically significant difference. One researcher independently analyzed the data and two other researchers reanalyzed the data twice.
Results
Patient clinical characteristics.
A total of 129 patients with NSCLC who were initially diagnosed with BM at The First Affiliated Hospital of Sun Yat-Sen University between January 2005 and December 2017 were analyzed in the present retrospective study. Among these, 94 patients underwent genetic analysis before treatment: EGFR mutations were detected in 50 patients, 9 patients were observed to possess ALK mutations, and 2 patients were observed to possess ROS1 mutations. Among the 50 patients with EGFR mutations, 24 consented to receive combination treatment of EGFR TKIs and Bps, and 14 patients received EGFR TKIs monotherapy. Among patients with wild-type EGFR, 2 patients were given the EGFR TKIs plus Bps regimen. In addition, 5 patients with ALK mutations and 1 patient with a ROS1 mutation received ALK TKI combined with Bps. Therefore, a total of 32 patients were treated with TKIs plus Bps (Fig. 1) . The median age of the patients was 55.9 years (range, 21-83 years).
Adenocarcinoma accounted for 89.14% of the lung cancer subtypes, 88.37% of the patients had ECOG PS <2, 82.17% patients had weight-bearing BM and 79.84% of the patients had BM at 2 or more sites (Table I ). Fig. 5D ).
Univariate and multivariate analysis of BM-OS time and BaPFS time. As presented in Table II 0.95-0.99; P=0.009). BMN≥2 was a risk factor for prognosis of BaPFS time (HR, 2.37; CI, 1.10-5.10; P=0.028). In the multivariate analysis, weight-bearing bone (WBB) was a prognostic factor for BM-OS time (HR, 6.29; CI 1.27-31.1; P=0.024). The shorter the duration and the higher the frequency of the Bps administration, the longer the BM-OS time (HR, 0.98; CI, 0.97-0.99; P<0.001 and HR, 0.12; 0.04-0.32; P<0.001). Age was also a favorable prognostic factor for BaPFS in multivariate analyses (HR, 0.96; 0.93-0.99; P=0.014), while being female was a poor prognostic factor for BaPFS time (HR, 2.55; 1.31-4.97; P=0.006).
Discussion
EGFR mutation and ALK rearrangements are two kinds of genetic mutation discovered in NSCLC. About 5% NSCLC patients harbor ALK rearrangements (17) . Sensitive EGFR mutations are present in ~15 and 50% of lung adenocarcinoma cases in the Caucasian and Asian population, respectively (18) . EGFR TKIs include gefitinib, erlotinib and icotinib. Crizotinib is the first-generation ALK TKI. Clinical trials have revealed that TKIs therapy results in longer PFS time, improved health-related quality of life and decreased treatment-related severe side effects in patients with sensitive mutations when compared with that in standard chemotherapy. Thus, many clinical guidelines recommend that all patients with sensitive EGFR mutations or ALK rearrangements receive first-line treatment with TKIs in advanced NSCLC (14, 19) . The present study demonstrated that patients with NSCLC exhibiting BM had significantly prolonged PFS time in the Bps group compared with the non-Bps group. Among patients with genetic mutations who underwent TKI treatment (EGFR TKIs or ALK TKIs), the group that received combination therapy with Bps experienced significantly longer PFS time and tended to exhibit significantly prolonged BM-OS time compared with the non-Bps group. In the multivariate analysis, WBB was a poor prognostic marker for BM-OS time, where the shorter the duration and the greater the frequency of Bps administration, the longer the BM-OS time. Being female was also observed to be a better prognostic factor than being male for BM-OS time, while being male was associated with poor prognosis with respect to BaPFS time.
Bps can prevent and treat SAEs, improve the prognosis of patients with BM, and improve quality of life. The present study demonstrated that combination therapy with Bps significantly improved PFS time and improved BM-OS time by almost 6 months in comparison with non-Bps treatment in patients with NSCLC exhibiting BM. However, the two groups exhibited approximately the same BaPFS time. A retrospective study of 62 patients with NSCLC exhibiting BM demonstrated that, in comparison with the EGFR TKI alone regimen group, the EGFR TKI plus Bps group exhibited significantly 
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Multivariate analysis (13) . As in the two aforementioned retrospective studies, the present study also demonstrated that in the genetic mutation group, Bps could enhance the antitumor effect of TKIs (including EGFR TKIs and ALK TKIs) to prolong PFS time in patients with NSCLC exhibiting BM, and numerically better BM-OS time was also observed. However, regardless of the genetic mutations, patients receiving Bps that also received TKIs regimen or EGFR TKIs regimen had significantly prolonged BM-OS time compared with TKIs alone or the EGFR TKIs alone regimen. It was the two patients without genetic mutations but received TKIs with Bps that made a difference. Considering the two patients were only tested for the EGFR gene mutation using PCR, and had better OS time after EGFR TKI regimen, we hypothesize that the two patients had an undetected EGFR mutation due to technical limitations and unknown mutation sites at the time of testing. As there were only two wild-type patients receiving TKI plus Bps therapy in the present study, conclusions regarding efficacy of TKI plus Bps therapy may not be accurately drawn in wild-type patients. Further studies are required in order to overcome this issue. Patients received chemotherapy after their diseases progressed on TKI treatment. As our study is retrospective, it's hard for us to draw a conclusion on whether chemotherapy makes a difference on survival. But previous published evidence revealed that there are no statistically significant differences in OS time between the third-generation chemotherapy regimens (20) . In conclusion, our study found that addition of Bps to the TKI treatment regimen had a positive effect on survival outcomes for patients with NSCLC. Considering the small sample size used in the present study, subsequent studies should be performed with larger sample sizes in order to eliminate errors. Studies have demonstrated that Bps can enhance the antitumor effect of EGFR TKIs in EGFR mutant tumor cells in vitro (21, 22) . TKIs have been demonstrated to affect the activation of key cell signaling pathways, as gefitinib has been observed to inhibit the phosphorylation of EGFR-activated ERK1/2 and Akt. However, Bps has no known pharmacodynamic effect on the phosphorylation of ERK1/2 and Akt, but can block the Ras signaling pathway and subsequently induce cancer cell apoptosis (21) . Another study also revealed that gefitinib combined with Bps could induce cancer cell apoptosis and regulate the production of mitotic and angiogenic factors (22) . In vivo studies have demonstrated that erlotinib plus Bps significantly inhibited tumor growth over erlotinib alone in an EGFR-mutated NSCLC nude mouse tumor model, which indicated that Bps enhanced the antitumor efficacy of erlotinib. The combination also resulted in greater apoptosis by inhibiting Akt phosphorylation (23) . The results indicated that the mechanistic basis of Bps-enhanced TKI antitumor activity may be associated with Bps-intrinsic antitumor properties and the decrease in adverse reactions from targeted therapy. The present study indicated that Bps may prolong the PFS time and trend to improve BM-OS time of patients with NSCLC exhibiting BM by enhancing the antitumor effect of TKIs, suggesting that patients with NSCLC harboring genetic mutations and also exhibiting BM treated with frontline TKIs (EGFR TKIs or ALK TKIs), should also be treated with Bps simultaneously.
Bps, however, demonstrated no benefit for BaPFS time in the present study, which may be explained by the small sample size. Bone formation markers, which included C-terminal telopeptides of type I collagen (ICTP), total alkaline phosphatase (tALP), bone-specific alkaline phosphatase (bALP), amino-terminal procollagen propeptides of type I collagen (PINP), cross-linked N-terminal (NTx) and cross-linked C-terminal, were of more diagnostic and prognostic significance than resorption marker in bone metabolism and survival in patients with metastatic prostate cancer (24) . Similarly, the aforementioned bone markers were also significantly increased in patients with lung cancer exhibiting BM (25) . A meta-analysis involving 3,268 patients with solid tumors demonstrated that serum bALP was significantly higher than in those patients without bone lesions (26) . Another meta-analysis that included 1,279 patients, demonstrated a significant association between serum NTX and bone involvement (27) . Hence, bone markers have been screened as diagnostic and prognostic markers, as well as for the development of anticancer drugs (28) . As demonstrated in a previous study, serum concentration of the majority of bone markers including tALP, bALP and PINP, but not ICTP, were decreased following the administration of zoledronic acid (15) . In particular, an investigational analysis was performed on 1,126 patients with breast cancer, castration-refractory prostate cancer, NSCLC and a variety of other solid tumors from three randomized trials regarding therapeutic effect of zoledronate acid vs. placebo. It was revealed that zoledronic acid significantly improved OS time in patients with elevated baseline NTX (≥100 nmol/mmol creatinine; relative risks, 0.692; P=0.0028) (29) , which indicated that patients with aggressive skeletal disease significantly benefited from zoledronate treatment. In the present study, no significant difference regarding BaPFS time was observed between the Bps group and non-Bps group or any other subgroups. Despite the advanced development on bone scan technique, BM detection often occurs in the symptomatic stage of disease, while serum bone markers changed ahead of the image examinations. The univariate analysis demonstrated that ALP was a predictive marker for NSCLC with BM. As a bone scan may not reflect the timely progression of BM, the need for novel strategies aimed at the early identification and detection of BM progression is urgent. Bone markers are the better choice, which can even total take the place of bone scan in the detection of BM progression for selected population (30) .
In the multivariate analysis, WBB was an adverse prognostic factor for BM-OS time. Patients experienced longer BM-OS time when Bps was administered more frequently and over a shorter period of time. As weight-bearing BM was a poor prognostic indicator of BM-OS time, serious consideration should be given to the inclusion of Bps in the treatment plan for patients with weight-bearing BM. Being female was a favorable prognostic marker for BM-OS time, but a poor prognostic marker for BaPFS time. Zoledronic acid has been demonstrated to consistently improve disease-free survival in patients with breast cancer (31) . However, this effect was limited to post-menopausal women in a number of trials (32, 33) . In the clinical trial AZURE (34) , Bps was demonstrated to effectively prevent local or non-BM recurrence in post-menopausal women. However, pre-menopausal women did not benefit from Bps treatment. A similar effect was observed in goserelin-treated patients in the ABCSG-12 study (33) Patients who received anastrozole or tamoxifen prior to the initiation of Bps treatment exhibited a good prognosis (33) . This effect may be explained by the ability of estrogen to promote tumor angiogenesis, tumor invasion and metastasis (35) . In the AZURE study, the premenopausal patients demonstrated an unfavorable prognosis, with >95% patients requiring further chemotherapy (34) . In contrast, menopausal patients in the ABCSG-12 study exhibited a better prognosis, with <5% patients receiving chemotherapy as all the rest responded well to anti-estrogen therapy prior to the initiation of Bps treatment. Based on the finding that being female was an unfavorable predictor for BaPFS time in the present study, it can be assumed that inhibition of estrogen could be a feasible way to improve prognosis. However, it was also revealed that female patients had improved BM-OS time than male patients. It is well known that estrogen could decrease the expression of RANKL, which promoted osteolysis via binding with RANK on osteoclasts (36) . Whereas, zoledronic acid executed its anticancer function primarily through the inhibition of osteoclastic bone resorption, which is more prominent in the absence of estrogen (37) . These observations can explain the opposite role of estrogen revealed by the previous studies. However, how estrogen promoted the metastasis in the bone and prolonged OS time under treatment of zoledronic acid remains unclear, and further research is required in order to elucidate this query.
The present study had some limitations. First, although the baseline population was large, there was only a small number of patients who fulfilled the eligibility criteria of the present study. In addition, patients in the subgroups had small-scale cancer, and certain patients lacked basic information, which may have led to errors in the results. A larger cohort study should be performed in order to confirm these findings. Secondly, the time to receive Bps and the duration and frequency of Bps treatment varied greatly between patients, which may have caused huge individual differences. Thirdly, as the present study was retrospective in design, factors such as the diverse treatment regimens, and uncertainty about the exact time of death, may confound the results of the study.
The results of the present study revealed that in TKI-treated patients with NSCLC harboring genetic mutations, those who also received Bps had significantly longer PFS time in comparison with those patients who did not receive Bps and tended to improve BM-OS time. These findings indicate that patients with NSCLC harboring genetic mutations who also exhibited BM and were being treated with frontline TKIs, or any patient in need of subsequent treatment, should be treated with Bps simultaneously. However, the present study is limited by its retrospective design, and therefore may be subject to errors due to its small sample size. Large-scale randomized trials with rigorously controlled treatment regimens should be performed in the future in order to identify the functional impact of Bps on clinical outcomes of patients with NSCLC patients exhibiting BM.
